I. Introduction
Hepatitis B virus (HBV) infection is a worldwide health problem and may lead to lifelong infection, cirrhosis of the liver, liver cancer, liver failure, and death. It is most prevalent in Asia, Africa, Southern Europe and Latin America, where the prevalence of hepatitis B surface antigen (HBsAg) carriers in the general population ranges from 2% to 20% [1] . Although vaccination programs are implemented in various countries, but it is still affecting 350 million to 400 million people worldwide [2] . In Pakistan, there are estimated to be 7-9 million carriers of hepatitis B virus (HBV) with a carrier rate of 3-5% with infection rate rising steadily [3] .
Hepatitis B virus (HBV) is the prototype member of the Hepadnaviridae (hepatotropic DNA virus) family. It has eight genotypic classes, A to H each having a distinct geographic distribution [4] . The only known host for HBV, so far, is human, although some non-human primates have been infected in laboratory conditions [5] .
The goal of hepatitis B treatment is to prevent the serious infections like cirrhosis, liver decompensation and hepatocellular carcinoma. In clinical practice, treatment response is determined by suppression of serum HBV DNA levels, hepatitis B e antigen (HBeAG) seroconversion to hepatitis B e antibody, hepatitis B surface antigen (HBsAG) loss, normalization of alanine aminotransferase levels and improvement in liver histology [6] .
Currently available treatment agents include the immunomodulatory drugs IFN-α and peginterferon, as well as several antiviral nucleotide/ nucleoside agents: lamivudine, telbivudine, adefovir, entecavir, and tenofovir. Over the last years, the field of CHB treatment has seen an expansion of long-term data on several of these agents, both when used as monotherapy and when used in combination [7] . Antiviral drug resistance is a significant factor in determining the success of long-term therapy for chronic hepatitis B. In the future, novel therapeutic targets or creative combination therapies are required in order to increase the rates of sustained responses after treatment discontinuation. In addition, new research efforts are needed to identify therapeutic approaches that would be able to achieve HBV eradication or at least HBsAg loss and seroconversion in a sizeable proportion of patients [8] .
The present work aimed at the in silico development and design of an anti-hepatitis B virus (HBV) drug against a protein target, as the leading drug for the hepatitis B treatment. In silico methods can help in identifying drug targets via bioinformatics tools.Modern drug discovery has given rise to the field known as computer-aided drug design (CADD). It represents computational methods and resources that are used for facilitating the design and discovery of new therapeutic compounds [9] . The main objective of CADD is to speed-up the screening process, focused and target directed screening and failing drugs fast by removing the hopeless ones, as soon as possible, and hence screening efficiently.
Computer-aided drug design, involves the use of biochemical information of ligand-receptor interaction in order to postulate ligand refinements. The best possible starting point is an X-ray crystal structure of the target site. If the molecular model of the building site is precise enough, one can apply docking algorithms that simulate the building of drugs to the respective receptor site [10] . The whole drug designing scheme, is illustrated in Fig.1 .
Figure 1. Drug designing scheme.
The main purpose was to suggest some compounds as anti-hepatitis B inhibitors by using molecular docking studies on the basis of high binding interactions and low binding energies. Molecular docking plays an important role in drug designing by placing a ligand molecule into the binding site of the target molecule in a non-covalent fashion [11] . Flexible docking programs like DOCK [12] , Molecular Operating Environment (MOE), and AutoDock [13] enable user to predict favorable biological target-ligand complex structures with reasonable accuracy and speed. The docked complex is then visualized and studied using software like VMD (Visual Molecular Dynamics) [14] .
Compounds suggested through molecular docking were tested for bioactivity, on the basis of quantitative structure activity relationship (QSAR). These studies were carried out to identify an effective, selective and efficient anti hepatitis B agent [15] . The quantitative structure-activity relationship (QSAR) studies are of immense importance. Along with providing guidelines for the drug design, QSAR also sheds light on the mechanisms of drug-receptor interactions, which further assist to the rationalization of drug development. We, therefore, present here a QSAR study selected anti HBV compounds [16] . Different software such as ChemDraw [17] , HyperChem [18] , AutoDock [13] and VMD [14] were selected and used to get the results.
II. Methodology

Target selection
Identifying and selecting the most appropriate drug target or receptor is the initial step in the drug designing procedure. Excellent drug targets can be identified with the help of bioinformatics. For a drug target to be ideal, it must be linked closely to the selected human disease. Mostly proteins act as good targets for the drugs. In some cases, enzymes can also serve as excellent drug targets [19] .Recently identified PDZ domain containing protein GIPC2 (Protein Data Bank ID: 3GGE), having human source, was chosen as target protein for the present study, as shown in Fig.2 . Once target is identified, the candidate ligands can be selected from already known drugs having appropriate anti HBV effects.
Ligand selection
Several anti-hepatitis B compounds or HBV inhibitors were identified and selected. These included 30 compounds with drug like properties against hepatitis B. Along with selected compounds including market drugs as well as drugs under clinical trials, 2 approved and standard anti-hepatitis B drugs adefovir and lamivudine were also chosen. The structures and IC50 values of these 30 compounds including 3 standard drugs are shown in Table 1 [1, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . These drugs were selected through the study and evaluation of past and present research on anti-hepatitis B virus (HBV) agents according to their efficacy against the infection and less IC50 (half inhibitory concentration) value.
Molecular Docking
It gives the active conformation of ligand with target protein. The structures of 30 selected compounds were drawn using ChemDraw tool. AutoDock was used to predict the binding modes of 30 selected compounds with the active site of the target protein GIPC2. AutoDock will try a set of different conformers of the ligand in order to obtain the best disposition of the atoms of the molecule for maximizing the scoring function that quantifies ligand-receptor interaction [10] .
The structure of target protein GIPC2 was obtained from Protein Data Bank (Protein Data Bank ID: 3GGE).For using the receptor or target protein in the AutoDock, all the missing side chain atoms were checked and then repaired and also hydrogen atoms were added using the graphical user interface of AutoDocktools (ADT) [35] . Before the docking experiment water molecules were removed. Then ligand was taken as input and gasteiger charges [36] were calculated. The nonpolar hydrogens were merged to carbon atoms and AutoDock type was assigned to each atom, preparing the docking input files of ligands. The torsions were chosen to make certain bond types active (rotatable) or inactive (non-rotatable) and numbers of torsions were then set to most atoms.
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www.iosrjournals.orgAutogrid calculations were done which define the search grid and produce grid maps used later by AutoDock. Grid properties were then set by setting the grid dimensions, spacing, and center in the grid box at 60×60×60 Å grid points using autogrid. The docking parameter file was then prepared by specifying rigid molecule, for rigid docking. Then the ligand was specified. The search parameters were set using Lamarckian genetic algorithm and also the docking parameters were set to default, for molecular docking. For all ligands, ten different docking conformations were obtained. The lowest energy conformation of each ligand was selected as the active conformation, among all the observed conformations, and was then analyzed.
The active conformation of each ligand and the target protein were given as an input to the Visual Molecular Dynamics (VMD), to predict and study the ligand-protein interactions. The amino acids present within 5°A of active site of target protein were selected and then binding interactions were identified between the ligand and active site of the target protein. The binding interactions of selected 30 ligands, including standard ones, were identified.
The compound exhibiting the best binding interactions of all was identified as Lead compound. It is a chemical compound having biological activity and its chemical structure is used as a starting point for chemically modifying the drugs in order to improve the potency or selectivity. Lead identification is the most critical stage in drug discovery and designing [19] .
1.4.
Analog designing After the identification of Lead compound, its three structural analogs were prepared by introduction or elimination of functional groups in the lead compound and were studied with the help of AutoDock. Binding interactions of each analog and target molecule were also identified. The analog of an existing drug molecule shares structural and pharmacological similarities with the lead compound. They are designed to extract new drugs from the existing ones to make them legally available in the market.
Quantitative structure activity relationship (QSAR)
QSAR correlates structural or property descriptors of compounds with their activities. To get an insight into the structure-activity relationship molecular descriptors are needed that can effectively characterize molecular size, molecular branching or the variations in molecular shapes, and can influence the structure and its activities [37] . It is very essential in drug discovery and design.
A quantitative structure activity relationship was interpreted by calculating a number of electronic and steric parameters. Different steric descriptors like molar Refractivity (MR) and partition coefficient (log P) and electronic descriptors ELUMO (lower unoccupied molecular orbital energy), EHOMO (higher occupied molecular orbital energy) and Total binding energy of the ligand (ETOTAL), were found to prove that these selected anti-hepatitis B compounds exhibit drug like properties. ChemDraw was used to find molar volume, molecular weight, log P and molar refractivity while HyperChem was used to find ETOTAL, ELUMO and EHOMO.
III.
Results and Discussion
Molecular Docking of anti-hepatitis B compounds
A usually smaller molecule which binds to a larger molecule such as enzyme or protein initiates the metabolic process. On the basis of docking of test set compounds and standard anti-hepatitis B drugs with the protein, the GIPC2 was searched for its active site. The active site within protein GIPC2, depicted in Fig.3A . The most common amino acids of active site were shown in Fig.3B .
On the basis of docking, the amino acids within 5°A i.e. the active site, were identified. The amino acids within 5°A around the ligands are listed in Table 2 . The residues found within 5°A of active site of GIPC2 were ASN169, ILE196, SER-1, GLY113, PRO198, VAL171, TRP173, LYS112, TYR138, GLU168, ASP133, HIS161, ARG174, ALA179, THR132, and PHE140. The study revealed that LYS112, VAL171, GLY113 and GLU168 were major determinants of binding. Then docking calculations were carried out using GIPC2 target protein and the test set compounds listed in Table 1 . Once all the test set compounds were docked, VMD was used to get the interactions i.e., hydrogen bonding, ionic bonding and hydrophobic interactions, shown in Table 3 .
Lead compound identification
On the basis of binding interactions of the test set compounds, one lead compound was figured out. The information in Table 3 showed that compounds 2, 4, 13, 18, had good hydrogen and ionic bondings with the amino acids within the 5°A of active site of GIPC2.
According to the binding interactions of these four compounds and IC50 values, compound 2 (Helioxanthin analog 1-8) was considered as the lead compound. Fig.5A shows the hydrogen bonds of the lead compound with the amino acids within the active site of GIPC2, while Fig.5B shows the hydrophobic interactions. Predicted hydrophobic interactions of lead compound with the active site of GIPC2.
Analog designing
Three analogs were made of the lead compound, in order to get the possible active compounds to be used as anti-hepatitis B agent. These were designed for the lead compound by altering its chemical structure using the strategy so that its effectivity is not disturbed. The first analog was designed using the N-methylation, the second by ketone reduction and the third by using alcohol formation in the structure of lead compound.
All the analogs were docked within the active site of GIPC2 and VMD was used to get the interactions of these analogs. The analogs of lead compound with their structures were made by using ChemDraw, and their binding interactions are shown in Table 4 .
On the basis of binding interactions the analogs were categorized for being the active ligands. Analogue 2 amongst all was the most active one so it was regarded as the best one, then analog 3 and analog 1 were placed respectively. In case of 1st analog which is made by N-methylation of the lead compound 0 hydrogen, 6 hydrophobic and 1 ionic interactions were found. 2nd analog made by alcohol formation of lead compound comprised of 9 hydrogen, 9 hydrophobic and 3 ionic interactions and the 3rd analog formed by ketone reduction of lead compound comprised of 3 hydrogen, 6 hydrophobic, and 2 ionic interactions.
Establishing QSAR (Quantitative Structure Activity Relationship)
QSAR studies were performed on the data of 30 compounds. For deciding why some compounds show sign of activity and others do not, QSAR model was built and a set of descriptors were chosen. These were 
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assumed to influence whether a given compound will succeed or fail in binding to a given target. The descriptors of the data of the ligands chosen for QSAR studies included steric descriptors molar refractivity (MR) and hydrophobicity (LogP), and electronic descriptors Total binding energy of the ligand (ETOTAL), highest occupied molecular orbital energy (EHOMO) and lowest unoccupied molecular orbital energy (ELUMO).
These descriptors were calculated using software HyperChem and ChemDraw. The values of the calculated electronic descriptors including ETOTAL, EHOMO and ELUMO and the values of calculated steric descriptors including MR and LogP were illustrated in Table 5 . In order to check the correlation of the ligand's activity with the chosen descriptor, each calculated descriptor was plotted against the IC50 value of the ligands shown in Fig.6 .
Coefficient of determination (R2) was obtained for each regression plot. The regression value of electronic descriptors, ETOTAL, EHOMO and ELUMO were 0.043, 0.018 and 0.006 respectively.Results suggested that there was no significant correlation between these descriptors with the activity i.e. R<0.6. This in turn suggested that the activity of the drug was not dependent on a single descriptor, but on more than one descriptors and then we would have to maximize that particular descriptors in the drug for enhancing the drug's activity. In future this may act as a significant factor in drug discovery. 
IV. Conclusion
The present study was aimed at finding novel drug molecules as anti-hepatitis B compounds. The studies included identification of anti HBV compounds including standard compounds and their molecular docking studies with the active site of GIPC2 target protein. Ligands were found having better energy scores and interactions and a lead compound was identified. The novel analogs of the lead compound, having anti hepatitis B activity, were also suggested. Quantitative structure activity relationship was established in order to find the dependency trend in anti-hepatitis B activity with number of molecular descriptors and some suggestive correlation of activity with theses descriptors. It suggested that for enhancing activity of drug, particular descriptors have to be maximized. Although many QSAR studies have been carried out previously on several anti HBV compounds but the current study, on the antiviral activity of these compounds against Hepatitis B, is unique in nature [16] . This kind of computational approach will help in adding up a new antiviral agent in the list, extracted from the existing drugs. It will help in improving efficacies of the drugs and in combating the problem of resistance acquired by the virus. The compounds suggested can provide valuable information for continued search, discovery and design of novel potent antiviral agents against hepatitis B.
